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EXECUTIVE SUMMARY

These studies were done as part of the Utah Divison of Wildlife Resources (UDWR) early life-
dage fisheries investigations. The contents of this report suggest that the management of flowsin the
San Juan River offer avariety of opportunities to enhance native species recruitment, while dso
enhancing and maintaining quality nursery habitat, a least asit pertains to young-of-year (Y OY)
Colorado pikeminnow. The first chapter represents an overview of the sudy area, sudy objectives,
and generaized methods.

The second chapter represents an andysis of inter-annua flow regime variation and fish species
community composition in the San Juan River from 1991 through 1996. The timing (Julian date) and
magnitude of the spring pesaks were strongly correlated with year-class strength of some native fish
species. No strong  correlations were apparent for non-native species. However, wewish to add a
cavedt to these data. Firdt, the data set is very smdl (seven years only represents seven pointsin this
kind of analysis) and should not be considered arobust andysis as such.  Second, the correlation of
Julian date and native species year-class strength may be spurious in that the timing of the spring pesk
may affect the Sze of the native fish fauna (and hence the catchability of these fish) ingtead of the actud
gze of the recruiting age class. In addition, in years when flow declined earlier and main-channd
temperatures were warmer, age-0 native Catosomids were much larger during late summer, possibly
increasng over-winter surviva.

In Chapter Three, datais presented regarding the availability of backwater habitats throughout
the San Juan River system. Comparisons are made between the San Juan River and the lower Green
and lower Colorado rivers which have been shown to be important nursery areas for age-0 Colorado
pikeminnow and il support large numbers of age-0 pikeminnow. The analys's suggests that more
nursery habitet is available at lower discharges, suggesting that reaching base summer discharge early in
the season would increase availability of backwater habitats to age-0 fishes. In addition, we found very
few pogtive corrdations between high spring discharges and increased nursery habitat availability. To
the contrary, in Section 1 (the low gradient area a the inflow of Lake Powell), where the vast mgority
of the age-0 Colorado pikeminnow were captured during the research period, many significant negative
rel ationships existed between backwater habitat and high spring discharges. High spring pesks with
long descending limbs could have significant negative impacts on availability of nursery habitat the
following summer in this important section of the San Juan River. Comparisons of backwater habitat
availability between sections showed that Section 1 had higher densities and more area of backwaters
per mile during every year, except 1995, than any of the other study sections of the San Juan River or
the sections with which comparisons were made on the Lower Green River near Minerd Bottoms or
Lower Colorado River below Moab.

Finaly, in chapter 4, an evaluation of stocked young-of-year Colorado pikeminnow is
provided, including growth, didtribution, retention, and an andlys's of habitat availability and use by
Colorado pikeminnow. Approximately 100,000 Colorado pikeminnow were stocked at Shiprock
NM, and a Mexican Hat, UT, in November 1996 and again in August 1997, and a further 10,571
were stocked at Shiprock in July 1998. The stocked fish exhibited excellent growth rates, comparable
or exceeding those seen in wild pikeminnow in the Green and Colorado rivers. Theinitid recgpture
rate was 0.3-0.5% of the stocked fish. Catch rates declined steadily thereafter. At age-1 (55-120
mm) the fish underwent a shift in habitat use away from backwaters, where they began being collected
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during the USFWS dectrofishing efforts. Although initid surviva was low, surviva from age-1 to age-
2 gppeared to be essentialy 100%.

Multinomid andys's suggested the stocked Colorado pikeminnow were found proportiondly
more often in backwater habitats formed by secondary channel's and scour channels than those habitats
occurred. Although these types of habitats were sdected for, it isimportant to note that all types of
habitats were used to some extent. Similarly, athough pikeminnow seemed to sdlect for deeper
habitats, they were sometimes collected in the shalowest habitats. Some *qudity’ habitats contained no
pikeminnow at al, and many smaller habitats contained no fish of any species.

Didribution patterns were related to flow and habitat availability. Thefishinitidly dispersed
generaly downstream. Subsequent sharp flow spikes related to monsoona rains tended to displace the
fish downgream in the Lower San Juan below Mexican Hat, while little digolacement was observed in
the Upper San Juan between Shiprock and Mexican Hat. The braided character of the upper San Juan
provides some low velocity habitat at higher flows, while the narrow canyon-bound Lower San Juan
provides very little low velocity habitat a those same high flows. The pikeminnow were retained in the
Upper San Juan for at least two years, where they remained well distributed. Although this stocking
effort has been successful to date, the question remainsif wild spawned Colorado pikeminnow would
be aslikely to be retained, or if they would drift out of the San Juan River and into Lake Powell.

Xiv



CHAPTER ONE

OVERVIEW AND BACKGROUND
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Moab, UT 84532
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Utah State University
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INTRODUCTION

The effects of dams on large river systems have been well documented over the past two
decades (Ward and Stanford 1979, 1983, Petts 1984, Gregory et d. 1991). Changesin temperature
regime, sedimentation and scouring, laterd habitat formation and maintenance, overdl species diversty
pools and the primary and secondary productivity of river segments affected by dams have al been
documented. These changes are a consequence of dterations of hydrograph periodicity and magnitude
due to changesin dam releases. The “serid discontinuity concept” coined by Ward and Stanford
(1983) represents a conceptua model in which the longitudina changes associated with the transfer of
materials from headwater streams to large rivers was developed to provide a predictive framework for
consdering such changesin river ecology and physical processes.

Much of the previous work detailing dam operations and their effects on large river ecosystems
have concentrated on the timing and magnitude of spring pesks, common to most north and south
temperate river ecosystems (Andrews 1986, Davies and Walker 1986). These studies typicaly
concentrate on the positive aspects of predictable, seasona floods such as the physical effects of
scouring, latera habitat inundation and temperature regime changes as well as bictic interactions such as
goring peaks affecting the community compostion of fishes and invertebrates, the formation and
maintenance of riparian habitats and the importance of life-history cues such as spawning.

Therole of naturd floods in biologica and physca processesin rivers has dso received much
attention. Unpredictable, large floods are usudly treated as alarge scale perturbation and the loss of
habitat and individuas at al trophic levels are typicaly used as response variables. Scouring of
subgtrates, resulting in the loss of periphyton and bacteriaimportant to the river food web is often found
and related to long-term ingtabilitiesin river ecosystems (Golladay and Hax 1995, Molles 1985, PAmer
1992, Power and Stewart 1987). In addition, decreases in dengities of both fish and invertebrates are
also often reported as adirect result of large flood events (Lancaster and Hildrew 1993, Molles 1985,
Richardson 1992, Williams and Hynes 1976). In virtudly all cases, the effects of unpredictable flood
events are reported as sgnificant and negetive phenomena

The decline of Colorado pikeminnow (Ptychocheilus lucius) in the San Juan River can be
partly attributed to severa mgor dam-related changes within the river syssem. Navgo Reservoir
upstream has dtered the temperature and flow regime of the river and has limited the upstream
migration of Colorado pikeminnow. The downstream impoundment of Lake Powell has permanently
inundated potentialy important nursery habitat areas of the lower San Juan, and Glen Canyon of the
Colorado River. Alteraion of the naturd flow regime alowed the proliferation of numerous non-nétive
gpecies, which increased competition for space and food resources. The remaining section of the San
Juan River may il be capable of supporting awild population of Colorado pikeminnow or it may be
beyond repair and cannot provide a salf sustaining population. The goas of this study were to evauate
Colorado pikeminnow reproduction in the San Juan River, to evauate the availability of low-velocity
nursery habitat for young-of-year Colorado pikeminnow in relation to discharge, and to evauate the
fish gpecies community compostion in nursery habitats in relation to discharge.
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STUDY OBJECTIVES

This study objectives were developed from the results from earlier sudies on the San Juan River
(Meyer and Moretti 1988, Roberts and Moretti 1989, Platania 1990, Buntjer et a. 1993, Buntjer et
al. 1994, Archer et d. 1995) and on other Upper Basin rivers. The study addresses the objectives
outlined below. Objectives 1, 2, 3 and 4 are the origina objectives for this study. Objectives 5-7 were
added in 1996, when experimental stocking of Colorado pikeminnow began.

1) To empiricaly monitor the annua recruitment of age-0 Colorado pikeminnow in relaion to flow
patterns in the San Juan River.

2) To characterize nursery habitat availability in relation to flow patterns in the San Juan River.
3) To determine habitat availability and use for age-0 and juvenile Colorado pikeminnow.

4) To characterize the early-life stage icthyofauna community in low-veocity (nursery) habitatsin
relaion to flow patternsin the San Juan River.

5) To determine the qudity and quantity of low-velocity habitats in the San Juan River for use by
Colorado pikeminnow through experimenta stocking of age-0 fish.

6) To determine the effects of diversion canas on age-0 Colorado pikeminnow drift/movement
(e.g., stranding, etc.).

7) To determine overwinter surviva and growth of experimentaly stocked age-0 Colorado
pikeminnow.

Chapter Two addresses objectives 1 and 4. This portion of the study was designed to monitor
the annuad recruitment of Colorado pikeminnow, and evauate the relationship of some habitat and flow
variablesto recruitment. However, very few wild young-of-year Colorado pikeminnow were collected
during the study, therefore this chapter concentrates on other speciesin the early-life stage icthyofaund
community in low-veocity nursery habitats.

Chapter Three concentrates on objectives 2 and 3, wherein nursery habitat availability and
quality was evaluated in rdation to hydrologic varigbles

Chapter Four addresses objectives 5, 6, and 7. We evauated the experimenta stocking of
young-of-year Colorado pikeminnow in 1996-1998, in terms of short- and long-term surviva,
retention, dispersd, and habitat use.

The subject of benthic invertebrates, presented in the appendix, was not included in the
objectives, asit was not part of the origind sudy. We bdieve the information on invertebrate dendties
in the San Juan River is pertinent and applicable to this study. The work was performed as part of a
separate sudy; Effects of Food Availability and Competition on Age -0 Colorado Pikeminnow Growth
and Lipid Accrud in the San Juan River - Eric K. Archer - A thesis submitted in partial fulfillment

1-3



of the requirements for the degree of Master of Science in Aquatic Ecology). ThisThessis
presented in the Appendix.

Relationship to Long Range Plan

5.2.3.1. Monitor the fate of habitat availability as aresult of different flows.

5.2.5. Determine and monitor habitat use of endangered and other native fishes.

5.25.1. Determine habitat requirements for different life sages.

5.2.5.2. Identify subreaches that provide habitats for the different life stages.

5.2.6. |dentify limiting habitats

5.2.7. Identify, recommend, and implement flows designed to maximize and maintain
suitable habitats for dl life stages of endangered and other native fish gpecies.

5.3.1. Identify and characterize the historic and current fish species community fish
sructure.

5.3.2. Determine the status and trends of the resident fish species.

5.3.3. Determine the life history of endangered and other native fish species and
relaionshipsto al other resdent fish species.

5.3.5. Characterize fish community response to different annud flow regimes.

5.3.6. Identify limiting factors for the endangered and other native fishes.

5.3.8. Determine the need for and implement, if necessary, an augmentation program for
endangered fish speciesin gppropriate historic habitat.

5.3.8.1. Evauate reproduction and recruitment potential.

5.3.8.2. Develop augmentation plans for endangered fish species.

5.3.8.4. Successfully augment endangered fish species populaions in the San Juan River
Basin.

54.1. Characterize digtribution and abundance of non-native fish species.

54.2. Identify and characterize habitats used by non-native fish species and effects of
native fish species habitat use.
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SAN JUAN RIVER STUDY AREA DESCRIPTION

The San Juan River isamgjor tributary of the Colorado River and drains 99,200 kn? in
Colorado, Utah, Arizona, and New Mexico (Fig. 1-1). From itsoriginsin the San Juan Mountains of
southwestern Colorado at € evations exceeding 4,250 m, the river flows westward for about 570 km to
the Colorado River. The mgor perennia tributaries to the San Juan River are the Navgo, Piedra, Los
Pinos, Animas, La Plata, and Mancosrivers, and McElmo Creek. In addition there are numerous
ephemera arroyos and washes contributing little tota flow but large sediment loads.

Navao Reservoir, completed in 1963, impounds the San Juan River, isolating the upper 124
km of river and partidly regulating downgream flows. The completion of Glenn Canyon Dam and
subsequent filling of Lake Powell in the early 1980's inundated the lower 87 km of the river, leaving
about 359 km of river between the two bounding features.

From Navgo Dam to Lake Powell, the mean gradient of the San Juan River is 1.67 m/km.
Locdly, the gradient can be as high as 3.5 mv/km, but taken in 30 km increments, the range isfrom 1.24
to 241 m/km. Between the confluence of the San Juan River with Lake Powell and the confluence
with Chinle Creek about 20 km downstream of Bluff, UT, theriver is canyon bound and restricted to a
sngled channd. Upstream of Chinle Creek, the river is multi-channeled to varying degrees with the
highest density of secondary channels between the Hogback Diversion about 13 km east of Shiprock
and Bluff, Utah. The reach of river between Navgo Dam and Farmington, NM, isrelatively stable with
predominantly embedded cobble substrate and few secondary channels. Below the confluence with the
Animas River, the channd isless stable and more subject to floods from the unregulated Animas River.
Between Farmington and Shiprock, cobble subgtrate till dominates, dthough it is less embedded.
Between Shiprock and Bluff, the cobble substrate becomes mixed with sand to an increasing degree
with distance downstream, resulting in decreasing channd stability.

Except in canyon-bound reaches, the river is bordered by non-native st cedar (Tamarix
chinensis), Russan alive (Elaeagnus angustifolia L.), native cottonwood (Popul us fremonti), and
willow (Salix sp.). Non-native woody plants are most abundant with cottonwood and willow
accounting for less than 15% of the riparian vegetation. Non-native woody plants are most abundant
with cottonwood and willow only common on idands free of livestock grazing.

Discharge of the San Juan River istypicd of riversin the American Southwest. The
characterigic annud pattern is one of large flows during soring snowmet, followed by low summer,
autumn, and winter base flows. Base flows are frequently punctuated by convective sorm-induced
flow spikes during summer and early autumn. Prior to closure of Navgo Dam, about 73% of the total
annua discharge (based on San Juan River near Bluff, UT, USGS gage #09379500) of the drainage
occurred during spring runoff (1 March through 31 July). The median daily pesak discharge during
spring runoff was 10,400 cfs (range = 3,810 to 33,800 cfs). Although flows resulting from summer and
autumn storms contributed a comparatively smdl volumeto totd annud discharge in the baan, the
magnitude of storm-induced flows exceeded the peak snowmelt discharge about 30% of the years,
occasionaly exceeding 40,000 cfs (mean daily discharge). Both magnitude and frequency of these
storm induced flow spikes are greater than those seen in the Green or Colorado rivers.

Closure of Navgo Dam dtered the annud discharge pattern of the San Juan River. The naturd
flows of the Animas River ameliorated some aspects of regulated discharge by augmenting spring
discharge. Regulation resulted in reduced magnitude and increased duration spring runoff in wet years
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and serioudy reduced magnitude and duration spring flows during dry years. Overal, flow regulation
by operation of Navgjo Dam has resulted in post-dam peak spring discharge averaging about 54% of
pre-dam vaues. After dam closure, base flows were increased substantialy over pre-dam base flows.

Since 1992, Navgjo Dam has been operated to mimic a“natura” hydrograph with the volume
of release during spring linked to the amount of precipitation during the preceding winter. Thusin years
with high spring snowmelt, reservoir releases were “large’, and “smal” in low runoff years. Base flows
since 1992 were typicdly greater than during pre-dam years but |ess than post-dam years.

The primary study areafor most studies conducted under the auspices of the San Juan River
Seven Y ear Research Program, including that reported herein, were accomplished in the mainstem San
Juan River and itsimmediate vicinity between Navgo Dam and Lake Powell. Between Navgo Dam
and Shiprock, there is congderable human activity within the floodplain of the San Juan River. Irrigated
agriculture is practiced throughout this portion of the valey and much of the immediate uplands. Much
of theriver valey not devoted to agriculture (crop production and grazing) consists of smal
communities (e.g. Blanco and Kirtland) and severd larger towns (e.g. Bloomfield and Farmington).
The vdley of the Animas River, the San Juan's largest tributary in the study areg, is Smilarly developed.
Downstream of Shiprock to Bluff small portions of the river valey (and uplands) are farmed; dispersed
livestock grazing is the primary land use. In the vicinity of Montezuma Creek and Aneth, petroleum
extraction occurs within the floodplain and the adjacent uplands. Between Bluff and the confluence
with Lake Powdll, there are few human-caused modifications of the system.

To enhance comparisons among studies and to provide acommon reference for al research, a
multivariate andyss of avariety of geomorphic features of the drainage was performed to segregate the
river into distinct geomorphic reaches. This effort (Bliesner and Lamarra, 1999) identified eight reaches
between Navgo Dam and Lake Powell. The following provides a brief characterization of each reach.

Reach 1 (RM 0to 16, Lake Powell confluence to near Slickhorn Canyon) has been heavily
influenced by the fluctuating reservoir levels of Lake Powell and its backwater effect. Fine sediment
(sand and siIt) has been deposited to a depth of about 12 m in the lowest end of the reach since the
reservoir firgt filled in 1980. This deposition of suspended sediment into the ddltalike environment of
the river/reservoir trangtion has created the lowest-gradient reach in the river. Thisreach is canyon
bound with an active sand bottom. Although there is an abundance of low velocity habitat a certain
flows, it is highly ephemerd, being influenced by both river flow and the elevation of Lake Powell.

Reach 2 (RM 17 to 67, near Sickhorn Canyon to confluence with Chinle Creek) is also canyon
bound but islocated above the influence of Lake Powdll. The gradient in this reach ishigher thanin
ether adjacent reach and the fourth highest in the sysem. The channd is primarily bedrock confined
and isinfluenced by debrisfans a ephemerd tributary mouths. Riffle-type habitat dominates, and the
magor rgpidsin the San Juan River occur in thisreach. Backwater abundance islow in this reach,
occurring most in association with the debris fans

Reach 3 (RM 68 to 105, Chinle Creek to Aneth, Utah) is characterized by higher snuosity and
lower gradient (second lowest) than the other reaches, a broad floodplain, multiple channds, high idand
count, and high percentage of sand substrate. This reach has the second highest density of backwater
habitats after goring peak flows, but is extremey vulnerable to change during summer and autumn sorm
events, after which this reach may have the second lowest dengity of backwaters. The active channel
leaves debris piles deposited throughout following spring runoff, leading to the nickname “Debris Feld”.
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Reach 4 (RM 107 to 130, Aneth, Utah, to below “the Mixer”) is atrandtiona reach between
the upper cobble-dominated reaches and the lower sand-dominated reaches. Sinuosity is moderate
compared with other reaches, asisgradient. 1dand areais higher than in Reach 3 but lower than in
Reach 5, and the valley is narrower than in either adjacent reach. Backwater habitat abundanceis low
overdl in this reach (third lowest among reaches) and there islittle clean cobble.

Reach 5 (RM 131 to 154, the Mixer to just below Hogback Diverson) is predominantly multi-
channeled with the largest total wetted area (TWA) and largest secondary channd area of any of the
reaches. Secondary channds tend to be longer and more stable than in Reach 3 but fewer in number
overdl. Riparian vegetation is more dense in this reach than in lower reaches but less densethan in
upper reaches. Cobble and gravel are more common in channdl banks than sand, and clean cobble
aress are more abundant than in lower reaches. Thisisthe lowermost reach containing a diverson dam
(Cudei). Backwaters and spawning bars in this reach are much less subject to perturbation during
summer and fall storm events than the lower reaches.

Reach 6 (RM 155 to 180, below Hogback Diverson to confluence with the Animas River) is
predominately a single channel, with 50% fewer secondary channels than Reaches 3, 4, or 5. Cobble
and gravel subgtrates dominate, and cobble bars with clean interdtitial space are more abundant in this
reach than in any other. There are four diverson dams that may impede fish passage in this reach.
Backwater habitat abundanceis low in thisreach, with only Reach 2 having less. The channd has been
dtered by dike congtruction in severd areasto control lateral channel movement and over-bank flow.

Reach 7 (RM 181 to 213, Animas River confluence to between Blanco and Archuleta, New
Mexico) isSmilar to Reach 6 in terms of channel morphology. Theriver channd is very sable,
consigting primarily of embedded cobble substrate as a result of controlled releases from Navgjo Dam.
In addition, much of the river bank has been stabilized and/or diked to control laterd movement of the
channd and over-bank flow. Water temperature is influenced by the hypolimnetic release from
Navgo Dam and is colder during the summer and warmer in the winter than the river below the Animas
confluence.

Reach 8 (RM 213 to 224, between Blanco and Archuleta and Navgo Dam) is the most
directly influenced by Navgio Dam, which is Stuated &t its uppermost end (RM 224). Thisreachis
predominantly a single channd, with only four to eight secondary channels, depending on the flow.
Cobble is the dominant subgtrate type, and because latera channel movement is less confined in this
reach, some |loose, clean cobble sources are available from channd banks. 1n the upper end of the
reach, just below Navgo Dam, the channd has been heavily modified by excavation of materid used in
dam congtruction In addition, the upper 10 km of this reach above Gubernador Canyon are essentidly
sediment free, resulting in the clearest water of any reach. Because of Navgjo Dam, thisarea
experiences much colder summer and warmer winter temperatures. These coal, clear water conditions
have dlowed development of an intensvely managed blue-ribbon trout fishery to the excluson of the
native species in the uppermost portion of the reach.

The specific study areafor the Nursery Habitat component consisted of four separate and
digtinct 5 mile sections within the above-described reaches. The following section designations
correspond to the river mileslisted: Section 1 (RM 13.0 - 8.0 in Reach 1); Section 2 (RM 25.2 - 20.2
in Reach 2) ; Section 3 (RM 89.0 - 84.0 in Reach 3); and Section 4 (RM 131.0 - 126.0 across the
border between Reaches 4 and 5).
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Fish Community

The fish assemblages in backwater habitats differ greatly among the sections. Section 4 has
been shown to be an important area for the native fishes of the San Juan River; flannelmouth sucker
(Catostomus latipinnis), bluehead sucker (Catostomus discobolus), and speckled dace (Rhinichthys
osculus), (Buntjer et a. 1994, Archer et d. 1995). Catch ratesin this section are typicaly highest for
al three common age-0 native fish species (Buntjer, et d. 1994). Since 1987, only three wild age-0
Colorado pikeminnow have been captured in the upper section of river. In August 1994, one age-0
(24 mm) Colorado pikeminnow was captured at RM 126.2 in a backwater created by the mouth of the
Mancos River (Archer et a. 1995). In October 1987, two age-0 (30 mm, 38 mm) Colorado
pikeminnow were captured at RM 125.6 and RM 122.3 (Platania 1990). Both specimens were
collected from secondary channd backwaters.

Section 3 low-velocity habitats are dominated by red shiners (Cyprinella lutrensis) and fathead
minnows (Pimephal es promelas), aswell as ahost of other non-native species including an increasing
population of black bullhead (Ameiurus melas). Catch rates for native species are variable and much
lower than upstream. No wild age-0 Colorado pikeminnow have ever been collected from this section.

Section 2 low-velocity habitats are aso dominated by non-native species, especidly red shiners.
Native catostomids are collected from this section in low numbers. Five fish collected from this section
have been identified as age-0 Colorado pikeminnow (one in 1994 and four in 1995).

Section 1 is dominated by non-native species, dthough the mgority of age-0 pikeminnow
captured in the San Juan River have been captured in this section. The non-native fish community in
this section isvery diverse, and includes dl of the fauna of the upper sections plus some species which
have migrated up from Lake Powell. Theseinclude threadfin shad (Dorosoma petenense), green
sunfish (Lepomis cyanellus) and striped bass (Morone saxatilis). The presence of the two
centrarchid species represents a large predation threat to age-0 native fish species. Non-native red
shiners are by far the most abundant species, likely resulting in competitive interactions with smal native
fishes. The low-gradient, sand dominated section of the San Juan River (Section 1) has been shown to
retain more wild age-0 Colorado pikeminnow than the higher gradient, upstream sections (Archer et d.
1996). The only wild Age-1+ Colorado pikeminnow collected from the San Juan River in recent years
were also collected from thisarea. Dendities of other age-0 native species are very low in this section.
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Fig. 1-1. Study area San Juan River New Mexico, Colorado, and Utah. Areas sampled during
the Fish Community (FC) are shown. Section locations used during Nursery habitat
sampling are dso given.
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METHODS - SAMPLING PROTOCOLS

During the 1991-1997 study period two different sampling protocols were used to examine
low-velocity habitat availability and age-0 fish communities within the San Juan River. The methods
used during each are discussed in detail below. Prior to 1994, only Fish Community protocols were
used during dl trips. From 1994-1995, Fish Community protocols were followed during the late
September trip and Nursery Habitat protocols were used for dl other sampling efforts. From 1996-
1998, a combination of both protocols were used on each sampling trip. Fish Community protocols
were followed for the entire sudy area outsde of the nursery habitat sections, and Nursery Habitat
protocols were followed within the nursery habitat sections.

Fish Community Sampling

During the Fish Community trips, backwater habitats were sampled in the San Juan River from
Hogback diverson, RM 158 to Clayhills crossing, RM 3. During the first three years of the study
(1991-1993), fish community sampling occurred during July, August and September. From 1994-
1997, fish community sampling occurred during late September only.

Two backwaters habitats were sampled in each five mile section. Backwaters were targeted
for sampling in this study because YOY Colorado pikeminnow have been shown to be most abundant
in these habitats types in the Green and Colorado rivers (McAda and Tyus 1984, Tyus and Haines
1991, Tyusand Karp 1991). Where available, we sdlected backwaters to sample which were at least
30n?, and 0.3m desp. All sample locations were located to the nearest 0.1 mi using aeria photos.

Pogt-larva and Y QY fish were collected in dl years using 1.6 mm mesh (4 mlong x 1 m deep).
In the firgt three years, some samples were taken with a 0.8 mm mesh, 1 m long x 0.5 m deep seine.
No differentiation was made in the analyses because dl effort was presented as #fish/100n? seined.
Samples were preserved using 10% formdin. Only specimens that could be rdliably identified in the
field were counted and released. Fishes collected in the first seine haul of each mesh sizein each 5 mile
section were measured. The number of seine hauls at each Ste varied from one to three, depending on
the size of the habitat. For each seine haul, seining efficiency was recorded on ascale of 0 to 3, with
"0" being the mogt efficient and 3" being the least efficient, dependent on water and mud depth.

Physical habitat measurements were recorded for each sample ste and included length, mean
width, maximum water depth and substrate of the habitat. The length, width and depth of each seine
haul was dso recorded. Depth measurements included the maximum water depth and the depth one-
hdf the distance from the maximum depth to the end of the seine hauls. The orientation of each saine
haul relative to the long axis of the habitat (i.e., across or parald) was dso recorded. At each depth
measurement, primary and secondary subgtrate particle sizes were estimated and recorded using the
Brusven subgtrate index (Bovee 1982). Other measurements
included habitat and main channel water temperatures ( °C ).
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Nursery Habitat Sampling

Nursery Habitat sampling protocols were adopted from studies conducted on other Upper
Basin rivers (Green and Colorado rivers)(Trammell et a. 1999; Trammell and Chart 1999). This study
was a more intensive gpproach than the Fish Community sampling, and wasinitiated in 1994 to dlow
comparisons between the San Juan and the Upper Basin rivers. With this approach, dl backwaters
and many other low-ve ocity habitats, throughout a designated five mile section were sampled three
timesayear (April, August and September). Unlike the fish community sampling, there were no size
regtrictions for the habitats sampled. In the San Juan River, sampling in sections 1-3 was established in
1994 and Section 4 was added in 1995. All sections were sampled from 1995-1997.

Pogt-larva and YOY fish were collected usng 1.6 mm mesh (4 mlong x 1 m deep) seines.
Fish samples were preserved using 10% formain. Only specimens that could be reliably identified in
the field were counted and released. Fishes collected in the first seine haul of each mesh Szeineach 5
mile section were measured. The number of seine hauls a each site varied from one to three,
depending on the size of the habitat.

Nursery habitats were classified according to the scheme developed for the Green River
(Trammell and Chart 1999) (Table 1). The classfication system relates types of nursery habitats to the
hydrologic processes that formed them. Specific nursery habitats sampled included true backwaeters,
backwaters with dight flow, and isolated pools. The mgority of habitats were true backwaters, or
backwaters with very dight flow.

Physicd habitat measurements were collected at three transects: the mouth, 1/3, and 2/3 of the
longitudind length of the habitat. Depth measurements were taken a the point of maximum depth and
14 the distance either way adong the transect. Both water depth and water-plus-substrate depth were
measured. At each depth measurement, primary and secondary substrate particle sizes were estimated
and recorded using the Brusven substrate index (Bovee 1982, Table 2). Surface temperature was
recorded (°C) at the midpoint of each transect. Turbidity was scored a each transect on ascae of 0
to 2. A vaue of O denotes cdlear vighility to the bottom, 1 indicates gpproximately 6" of vighility and 2
denotes virtualy no visibility. The length, width, and depth of each seine haul was aso recorded.

All native fish identified in the fidld were measured and released. Fish species
collected during the study period are listed in Table 3. Non-native fishes were recorded as either sub-
adult or adult or preserved in 10% formalin for later identification. Fish dengty (fisv100 n¥) was
computed for al species by section. All preserved fishes were identified and counted at either the
UDWR Moab fidd office laboratory or Utah State University. Samples were then sent to the
Univerdty of New Mexico for verification and curation in the Museum of Southwestern Biology.
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Tablel. List of habitat types used for nursery habitat study. All habitats wer e backwaters, or
backwaters with dight flow, with differences in Sze and description attributed to the formation
process.

Secondary Channel (SeC) - Habitats formed by the erosion/deposition cycle of secondary
channds during passage of aflood, and reveded by receding water levels. Usudly relatively
deep and permanent.

Secondary chute, or scour, channel (SC) - Smaler verson of SC habitat formed by
erogon/deposition cycle of smdl channd behind large aternating sandbar. Scoured out during
floods and revealed during receding water.

Migrating Sand Waves (MS) - Habitats formed by the rdative movement of adjacent migrating
sand waves. Rdatively shalow and ephemerd.

Horseshoe Vortex (HS) - Habitats formed by scour holes generated at high flows at the
upstream ends of idands due to development of horseshoe vortex patterns. Moderately deep
and semi-permanent.

Flood Plain (FP) - Habitats formed by the inundation of abandoned channels or flood plains.
Relaed to seasond high flows or rainfal events.

Flooded Tributary Mouth (FT) - Habitats formed by risng river levels flooding into tributary
mouths. Related to seasond high flows or rainfdl events.

Shoreline Eddy (SE) - Habitats formed by recirculating areas due to irregularities of the bank.

Constricted Reach Eddy (CE) - Habitats formed by large eddies generated by congtriction of
the channd by debrisfans.

Shoreline (SH) - Shalow, doping shoreline aress.

Boulder Pocket (BP) - areas of low-ve ocity habitat behind shoreline boulders, typicdly very
and|.
Table 1-2. Classfication of substrate Szes used for nursery habitat sampling in the San Juan River,
New Mexico, Colorado, and Utah, 1994-1997. Size categories are from a modified
Brusven Substrate index (Bovee 1982).

Subdtrate type Subdrate sze (mm)
St (<1
Sand (1-4)
Gravel (5-75)
Caobble (76-300)
Boulder (> 300)
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Table 1-3. Ligt of fish species collected in low-velocity habitats in the San Juan River, New Mexico,

Colorado, and Utah.

Sdientific name Commonname  Status Abbreviation
Cyprinidee
Cyprindlalutrensis red shiner I CYPLUT
Cyprinus carpio common carp I CYPCAR
Gila robusta roundtail chub N GILROB
Pimephales promelas fathead minnow I PIMPRO
Ptychocheilus lucius Colorado pikeminnow EN PTYLUC
Rhinichthys osculus speckled dace N RHIOSC
Catostomidae
Catostomus discobolus bluehead sucker N CATDIS
Catostomus latipinnis flannelmouth sucker N CATLAT
Catostomus spp. white sucker hybrid I CATSPP
Ictaluridae
Ameiurus melas black bullhead I AMEMEL
I ctalurus punctatus channel cetfish I ICTPUN
Cyprinodontidae
Fundulus zebrinus planskillifish I FUNZEB
Poeciliidae
Gambusia affinis mosquitofish I GAMAFF
Centrarchidae
Lepomis cyanellus green sunfish I LEPCYA
Micropterus salmoides largemouth bass I MICSAL
Clupeidae
Dorosoma petenense threadfin shad I DORPET

N = natveto Colorado River dranage
EN = endemic to Colorado River drainage
I =introduced to Colorado River drainage
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INTRODUCTION

Growth of age-0 fishisahighly variable and dynamic process. Blaxter (1988) suggested that
thelarvd periodiscriticd to many fish species. It isimportant that larva fish grow quickly to lessen
predation (Nielsen 1980, Post and Evans 1989) and acquire sufficient fat reserves to survive through
winter (Henderson et d. 1988). Three important factors have been shown to influence the growth and
survivorship an age-0 fish cohort: prey availability (Henderson 1985, Cryer et d. 1986), competition
(Fausch and White 1988), and temperature regime (Brett 1979).Water temperature can have a strong
influence on the early life stages of many fish species. It influences the egg incubation period (Koenst
and Smith 1976), growth of age-0 fish (Forney 1966, Craig 1982), and may ultimately influence
recruitment (Busch et d. 1975).

With the congtruction of main stream dams on  both the Upper Green and San Juan rivers,
hypolimnetic releases have lowered temperatures downsiream for an undetermined distance. Asa
result, spawning may be occurring later in the season resulting in less time for growth before the onset of
winter (Kaeding and Osmundson 1988). Many studies of age-0 temperate zone fish species have
indicated that overwinter survivd is directly related to size (Oliver 1977, Toneys and Coble 1979,
Canjuak 1988, Henderson et d. 1988). Severd studies have suggested the effect of body sizeis
actudly due to the correlation between fish body size and tota body lipid content (Oliver 1977, Isdy
1981, Miranda and Hubbard 1994). The sze of any recruiting age class of fish isaresult of not only the
number of individuals spawned but dso environmenta conditions in which they find themselves. We
evauated the effect of discharge on water temperature, and the importance and influence of water
temperature on growth of native catostomids.

This Chapter addresses objectives 1 and 4. This portion of the study was designed to monitor
the annua recruitment of Colorado pikeminnow, and eva uate the relationship of some habitat and flow
variables to recruitment (Objective 1). However, very few wild young-of-year Colorado pikeminnow
were collected during the study, therefore this chapter concentrates on other speciesin the early-life
dage icthyofauna community in low-velocity nursery habitats (Objective 4).

METHODS

Field Collections

Data collected during the UDWR early life-stage Fish Community and Nursery habitat sudy
were used to determine native and non-native fish community composition during August and
September 1991-1997 (see sampling protocols section).
Statistical Analyses
Year Class Srength

Anayses were performed on August and September data from 1991-1996, and 1991-1997

periods. Separate analyses were performed because the extremely low catch rates for native species
during 1997. We performed linear regressions to test for associations between native/non-native
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relative fish abundances and a variety of metrics describing flow events. We bdlieve the low catch rates
in 1997 were partly due to high discharge at the time of sampling during August of 1997 dueto
monsoond events, therefore satistical analyses were performed on all years combined (1991-1997)
and using just 1991-1996. For both anayses, the independent, or driver variables were: the Julian date
of the peak flow, the spring pesk magnitude (cfs), and the number of days the flows stayed above
5000, 7000, and 8000 cfs. For linear regressions, the dengties of bluehead sucker (Catostomus
discobolus), flannemouth sucker (Catostomus latipinnis), speckled dace, (Rhinichthys osculus),
totd native fish, red shiner (Cyprinella lutrensis), fathead minnow (Pimephales promelas) and total
non-native fish as well as the proportion of native and non-native fish, were used as the dependent, or
response variables.

Length Frequency

Length-frequency data collected during 1991-1993 were used to examine Catch-per-unit-
effort (CPUE) in relation to average Size. During exploratory analyses, it was apparent that catch rates
varied sgnificantly between tripsin the same year. Estimates of year-class strength were strongly
dependent on which datawere used. In order to more accurately assess true densities of age-0 native
Species, the relative timing of sampling in relation to the spawning period gppeared to be critical given
the exponentia decline in catch rates over any given season due to naturd mortdity or changesin
habitat sdlection.

In order to assess the size and growth of age-0 Catostomids, length-frequency data collected
between 1991-1997 were used to compute catch rates and percent of fishin 10 mm (total length) size
classes. Data collected between (RM 156-119.2) were used for the 1991-1993 period. Because of
changesin protocal in subsequent years, datafrom UDWR Nursery habitat Section 4 (RM 131-126)
were used for the period of 1994-1997. All summer sampling trips (June-September) were included to
alow comparisons between years. Fish were categorized into 10 mm size classes and means were
computed for each species during each trip.

Discharge/ Temperature/ Sze relationship

Temperature data from the Montezuma Creek gage (above nursery habitat section 3) and
discharge data from the San Juan River near BIuff, UT, gage (USGS gage #09379500) were used to
relate temperature to discharge from 1993-1997 period. Because of inadequate data, 1991-1992 was
not used. Tota degree days were computed by summing daily temperatures for the following periods.
June, July, June-July and June-August. Daily differences between flow and main-channd temperature
were tested using an Anaysis of Covariance (ANCOVA). Average and total discharge were
compared with degree-day accumulation for each time period using linear regresson. Degree day
accumulation for each period was then regressed with average length of each catostomid species.
Significance was et at an dphalevel of 0.05. Statisticd andyses were performed usng SAS (1997)
for persona computers, or Corel Quattro Pro 8.
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RESULTS
Year-Class strength

The mgority of fish collected were composed of five species, two non-native: red shiner and
fathead minnow, and three native: bluehead sucker, flannemouth sucker and speckled dace. Other
gpecies collected were of much lower abundance, including channd catfish, common carp, mosquitofish
and green sunfish, among others even more rarely collected (Table 1-2). Catch rates for the two most
common non-native fish, and three most common native fish, and the percent compogtion of the
combined native and non-native species during 1991-1997 in August and September are provided in
Table 2-1. Vduefor the hydrologic variables are presented in Table 2-2.  Results of the regression
analysisfor 1991-1997 are presented in Table 2-3aand 2-3b.

The only significant correlations found were between the relative abundance of natives and non-
natives and the Julian date of the spring pesk in August (Table 2-3a), and in September, the magnitude
of the spring peak and the number of days above 7000 and 8000 cfs (Table 2-3b). The rdative
abundance of native species was positively corrdated with late, high peaks, and the relaive abundance
of non-natives was negatively correlated with late, high peaks. Catch rates of native species,
particularly bluehead sucker, declined in the fdl, resulting in a grester relative abundance of non-natives
inthefdl in each year.

Bluehead sucker were generdly positively corrdaed with high peaks of long duration except
for the last year of the study, 1997, which was the highest pesk, and the highest number of days over
8000cfs. Catch rates of bluehead sucker were much lower than the next highest peak year. Speckled
dace were sgnificantly postively correated with the number of days above 5000cfs, and 7000cfs, and
nearly sgnificantly corrdated with the pesk. FHannemouth sucker were generdly negatively correlated
with dl hydrologic variables, dthough not sgnificantly. They were sgnificantly correlated with days over
5000cfs in September. In contrast, the abundances of specific non-native species were not predictable
(Table 2-3a, 2-3b) using any of the hydrologic variables included in the andyss. The percent of non-
natives is predictable, however, with percent of non-natives being lower in yearswith alater peak.
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Table2-1. Catch rates (number/100n7) of native and non-native fish and percent composition for
August 1991-1997. Headers are: Bluehead sucker (CATDIS), Hannelmouth sucker
(CATLAT), Speckled dace (RHIOSC), Red shiner (CYPLUT), Fathead minnow
(PIMPRO), Percent non-native (YoNON) and Percent native (YoNATIVE).

YEAR CATDIS CATLAT RHIOSC CYPLUT PIMPRO %NON %NATIVE
AUGUST
1991 62.9 51 46 298 204 76 24
1992 48 40 37 51 147 89 11
1993 154 145 118 882 272 80 20
1994 47 6 41.6 138 21 64.3 357
1995 200 0.9 86 517 29 18 82
1996 0.15 0 045 819 10 994 0.6
1997 64 8 55.1 75 344 734 26.6
SEPTEMBER
1991 8 3 156 174 129 9% 5
1992 29 29 30 104 117 86 14
1993 9.9 234 879 433 306 86 14
1994 8.7 19 239 1402 2389 A 6
1995 52 5 25 73 65 84 16
1996 0 .03 15 275 337 99.998 .002
1997 12 3 137 50 7.9 80.4 19.6

Table 2-2. Hydrologic variable used in regresson andysis, 1991-1997. Datafrom San Juan River

gage near Bluff (#09379500).
Year Peak (cf9) Date Number of days above:
>5000 >7000 >8000

1991 4150 May 20 0 0 0
1992 8510 May 27 44 12 4
1993 9650 May 28 109 36 13
1994 8290 June 4 41 10 1
1995 11600 June 18 63 31 19
1996 3560 May 16 0 0 0
1997 11900 June 3 49 37 29
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Table 2-3a. Results of regresson analys's showing variables that were sgnificantly associated with one
or more native or non-native fish species abundance during August 1991-1997 (p=0.05).
(NS) = no sgnificant relationships existed between any of the variables tested.

Dependent Variable  y-intercept Sope Indgpendent Varidble  r? P
Bluehead - - - NS
Hannemouth - - - NS
Speckled dace -34 +0.85 Days > 5000 cfs 0.71 0.01
Speckled dace -15 +0.35 Days > 7000 cfs 0.63 0.02
Native Total - - - NS

Red shiner - - - NS

Fathead - - - NS
Non-nétive total - - - NS

% Non-native 178.24 -0.38 Julian date of peak 0.80 0.004
% Native 139.7 +0.38 Julian date of pesk 0.80 0.004

2-6



Table 2-3b. Results of regresson analys's showing variables that were sgnificantly associated with one
or more native or non-native fish species abundance during September 1991-1997
(p=0.05). (NS) = no significant relationships existed between any of the variables tested.

Dependent Variable  y-intercept Sope Indgpendent Varidble  r? P
Bluehead - - - NS
Hanndmouth 29.14 +3.5 Days > 5000 cfs 0.55 0.035
Speckled dace - - - NS

Native Total - - - NS

Red shiner - - - NS

Fathead - - - NS
Non-nétive total - - - NS

% Non-native 43921 -432.98 Peak 0.83 0.003
% Non-native 200.93 -2.05 Days > 7000 cfs 0.74 0.008
% Non-native 133.2 -1.39 Days > 8000 cfs 0.70 0.012
% Native 3622.7 +432.96 Peak 0.83 0.003
% Native -3.82 +2.05 Days > 7000 cfs 0.74 0.008
% Native -5.34 +1.38 Days > 8000 cfs 0.70 0.012

Length Frequency

Length-frequency data collected during 1991-1997 was used to determine relative, athough
not exact, pawning times, CPUE in reation to size, and size during the August trip (used in year class
anadyses). Percent of catch in 10 mm (TL) size classes for each sample period from June to September
1991-1993 was andyzed to examine differences in spawning time (early vs late) and sze-related
habitat shifts. The 1991 June trip was the only sample period in which amgority of the flannelmouth
suckers captured were less than 20 mm (Fig. 2-1). By July in dl years, alarge proportion of the
specimens collected were > 20 mm tota length (TL). During 1991, the percent composition of the
catch followed a pattern of increasing percentage of specimens collected in the larger classes from
June-Augudt. In 1992, the first sampling occurred during mid July. Collections included specimens
from < 10 mm to > 40 mm total length. Two weeks |ater, a greater proportion of the total catch wasin
the < 20 mm sze class and average Size had declined.  1n 1993, sampling occurred during late July.
Collections were dominated by the 10, 20, and 30 mm Size classes. Specimens were of smaller
average tota length than in either 1991 or 1992 when sampling occurred as much as 11 days earlier.
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When bluehead sucker samples were compared for the July collections from 1991-1993, a
pattern smilar to the flannelmouth sucker trend was observed. The average size of the fish captured
declined during the second trip (Figure 2-2).

Differencesin average sze of fish collected on amilar dates in different yearsindicated relative
gpawning times, with smdl fish indicating a later soawning period (1993), and larger fish indicating an
earlier pawning period (1991 and 1992). However, because of the large amount of variation in the
datain the years with the earliest sampling dates, it is not possble, using seining data, to completely
distinguish between differences in spawning time or growth rates.

It appears that in some years spawning occurred over an extended period. 1n every year
during the July sampling periods, multiple size classes were represented. In 1992, specimens ranged
from < 10 mm to > 40 mm totd length (TL). The smallest Sze classes were represented in every yedr,
suggesting an extended spawning period.

Catch rates (CPUE) in relation to size

Sufficient data for the period from 1991-1993 existed for native catostomids (bluehead and
flannemouth suckers) to examine the relaionship between age-0 fish Size and catch per unit effort
(Fisy100n?). The genera trend observed suggests that as the size of fish captured increased, catch
rates declined. Each species was andyzed and presented separately. Note that June sampling
occurred in 1991 only, and that sampling dates were variable during the July 1991-1993 period (Figs.
2-1& 2-2).

Flannelmouth sucker. Catch rates (CPUE) of flannelmouth sucker followed a pattern of
gpparent decline with increasing size during June through September sampling from 1991-1993. In
1991, CPUE declined sgnificantly between mid June and July and then increased dightly in Augus,
with another large decline by mid September (Fig. 2-1) . Catch rates were considerably higher in July
1992 than in 1991 or 1993. CPUE increased further during late July 1992, as average size declined.
By mid August, catch rates dropped drastically and continued to decline through mid September, as
szeincreased further. In 1993, CPUE was generaly lower than in 1991 or 1992, and the pattern
observed was different from the two previous years. Catch rates started out low in July and declined in
August followed by an increase to the highest catch rate of the year during the mid September sample
period, when fish were the largest. The dopes of the CPUE regression linesin relaion to Sze were
different in each year of sampling. With only three years of dataiit is not possible to create a modd that
accurately predicted CPUE by Sze class.

When CPUE was compared among years, average Sze ismost Smilar in the early July trip in
1991 compared to the late duly trip in 1992 and the mid July trip 1993 (23 mm). The dataindicate that
1992 exhibited greater year class strength than either 1993 or 1991. When only data from the August
trips were compared, CPUE were higher in 1991 than in 1992 or 1993 despite a grester average Size.
If September data are used for comparison, the pattern is reversed with the 1993 CPUE the highest,
followed by 1992 and 1991.

The estimate of year-class srength for flannemouth suckers is complicated by two unexplained
vaiables differentid mortdity and Sze selective habitat use. This comparison suggests that our
sampling is size biased due to concentrating sampling efforts on backwater habitats. 1n addition, we
tend to catch fewer flanndmouth suckers asthey increasein Sze. It isundear if this reduction in CPUE
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isdue drictly to shiftsin habitat sdection or if avoidanceis adso affecting our catch. It isour opinion
that the best estimates of true year class strength are achieved by using the earliest possible dates,
which avoids much of the bias associated with size. However, the earliest stlandardized trips occurred
in August 1995-1997. Therefore, year class strength estimates for the whole research period must be
based on these data.

Bluehead sucker. Catch rates during the June-September 1991-1993 sampling trips varied
ggnificantly. The generd trend observed was smilar to that of flannemouth suckers; catch rates
declined and size increased through time (Fig. 2-2). 1n 1991, catch rates increased during June and
July, peaked in August, and declined in mid September. In 1992, catch rates peaked during late July
(at over 200/100 n¥) when average size was lowest (18 mm TL). Two weeks later, catch rates had
declined sgnificantly and average Szeincreased to 26 mm TL. By September, very few age-0
blueheads were collected. The July, 1993, CPUE was Similar to that observed in 1992 during mid-
Jduly. In August, catches rates declined dightly, but remained high compared to 1991 and 1992. By
September, catch rates dropped drastically but again remained higher than September 1991 or 1992.

The CPUE for bluehead sucker, and the related year-class strength estimates varied
sgnificantly depending on which sampling date was used in the computation. When CPUE for
bluehead suckers was compared among years that average Size was most Smilar (early July 1991, late
Jduly trip in 1992; and, early August 1993). The resultsindicate that the grester reproductive success
occurred in 1992. When August for the 1991-1993 period were compared, 1993 was the strongest
year class followed by 1991 and 1992. Thisisto be expected given that average size follows the exact
oppodite pattern with 1992 having the greatest mean Size. September follows the same pattern with the
1993 CPUE being highest with the smallest mean sze. CPUE datistics for both species of native
Catostomids based soldly on comparisons between years for a standard date likely result in large biases
inyear class esimates. Year classes are underestimated when fish are larger at the time of sampling
and therefore perhaps not as vulnerable to the sampling gear or in different habitats.

For 1991-1997, data on year class strength and size are available for August and September.
August collections were used in the length frequency andysis that follow. August data collected during
the 1991-1997 period showed large variation in year classtota lengths (Fig. 1-2). Sampling dates
were similar between years except for 1995 and 1997 when sampling occurred one and two weeks
later, respectively. The average size of the fish collected varied greatly from the smdlest in 1992 (21.8
mm TL) to amaximum of 42.3 mm in 1996. In most years, the mgority of the specimens collected
were between 20-40 mm TL.

On average, the largest flannelmouth suckers during August sampling were caught in 1996,
followed by 1994 and 1991. In 1996, 50% of al the fish captured were > 40 mm TL and no fish
collected were< 20 mm TL. In 1994, dl specimens collected were again > 20 mm, with the mgority
of fish being between 20-30 mm TL. In 1991, there was awide range of sizes with 50 percent of the
fish between 20-30 mm, and about 25 percent were > 40 mm and < 20 mm TL (Fig. 1-3).

The smallest fish were caught in 1992 when specimens averaged 22 mm TL. 1n 1995, the
average TL was 24 mm, and in 1997, 25 mm. In 1992, 40% of the specimens collected during late July
sampling were less than 20 mm TL. However, as mentioned above, two digtinct size classes were
present in 1992. The 1995 and 1997 year class collections were dominated by specimens less than 30
mm TL. In 1993 collections were evenly distributed between greater and less than 30 mm TL.
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When August 1991-1997 bluehead sucker year class data were compared between 1991-
1997, the patterns observed were similar to those noted for flannelmouth suckers. Average size during
1996 was grester than any other year, at 33 mm TL (Fig. 1-4). Thiswas 10 mm larger than the next
closest year, which was 1991 when average szewas 23 mm TL. Very few bluehead suckers were
collected during August of 1996. However, 70% were greater than 30 mm in TL. 1n 1991, 18% of
the age-0 bluehead suckers collected were 30 mm or greater. In other years, avery smdl proportion
of bluehead suckers were in the 30 mm or larger Size classes. In 1995, average Sze was the lowest at
15 mm TL with 96% of the year class smdler than 20 mm TL during August. 1n 1993, average Sze
was 17 mm TL with 80% of the specimenslessthan 20 mm TL.

Discharge/ Temperature/ Size

To examine the differences observed in average Sze of the two native catostomid species
during August 1991-1997, regression anayses were performed using the average length of
flannelmouth and bluehead suckers as the response variable and degree day accumulation from the
Montezuma Creek gage (for the following periods:. totd for June 1-July 31, tota for June and totd for
July)(Table 2-4). In addition, average discharge (San Juan River near Bluff, UT) for the period of June
1-July 31 was regressed against average size of both catostomid species (Table 2-4).

For flannelmouth suckers, dl four regressons resulted in Sgnificant relaionships (Table 2-5).
The largest amount of variation in mean flannelmouth sucker tota length was explained by tota degree
days during the month of June (r>= 0.989). Total degree days for the entire June-July period was aso
highly correlated to flannelmouth sucker tota length (°=0.951). Average discharge was negatively
corrdated to average length and explained 92% of the variation in average TL.

Bluehead sucker mean tota length aso showed strong correl ations with degree day
accumulation. However, only tota degree day accumulation in June and average discharge were
sgnificant a an aphalevel of 0.05. Tota degree days June-Jduly and total degree daysin July were
margindly significant (P = 0.066 and 0.096, respectively).

In summary, degree day accumulation has a sgnificant effect on the size of both catostomid
species during early August. The strongest relationshipsin average Size of both catostomid species
were positively related to total degree days in June and negatively related to average discharge.
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Table2-4. Dataused for regresson analysisincluding tota degree days for June 1-July 31, tota

degree days for June, total degree days for July, average discharge, and average tota
length for bluehead and flannelmouth suckers during 1993-1997.

Year Totd DD Tod DD  Totd DD  Average  Avg.TL  Avg.TL
Junelduly dne dy Dischage  CATDIS  CATLAT
1993 1175 474 701 4409 17.0 29.7
1994 1189 500 689 3967 20.3 35.1
1995 1048 441 607 6404 15.4 24.1
1996 1325 560 765 1815 33.0 42.3
1997 1087 443 644 5123 20.8 25.0

Table 2-5. Results of regresson andys's showing variables that were sgnificantly associated with

averagetotd length of flannemouth and bluehead suckers during August 1993-1997
sampling (p=0.05). TL in mm, degree daysin C, dischargein cfs.

Dependent Independent Varidble Sope r?
Hannelmouth Sucker
Mean TL Total Degree Days 0.069 0.951
Mean TL Degree Days June 0.153 0.989
Mean TL Degree Days July 0.117 0.866
Mean TL Average discharge -0.004 0.922
Bluehead Sucker
Mean TL Tota Degree Days 0.055 0.728
Mean TL Degree Days June 0.123 0.728
Mean TL Degree Days July 0.093 0.657
Mean TL Average discharge -0.004 0.812
Discharge
Total Degree Days Average discharge -0.183 0.974
Totd Degree Days Tota discharge -0.003 0.974
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Discharge/Temperature relationship

The relationship between discharge and main channe water temperature was examined in an
attempt to explain differences observed in sze of age-0 native catostomid as a function of degree day
accumulation for the period of 1993-1997 (Fig. 2-5).

An Andysis of Covariance (ANCOVA) was used to explore differencesin the temperature-
discharge relationship by year. Significant differences were observed between every pair of years
examined. Thisresult was expected, given the highly variable nature of the discharge history of the San
Juan River.

Tota degree-day accumulation was then compared with average and total discharge a the San
Juan River near BIuff, UT for the period of June 1 through July 31 (Fig. 2-6). The results of these
regressions are presented in Table 2-4. Both regressions resulted in an r? of 0.974 with negative
dopes. The high proportion of the variation in total degree-day accumulation was explained by both
response variables, average and tota discharge during the period. In conclusion, discharge strongly
affected main channel water temperature; higher flows resulted in lower water temperatures for that
period. Thisisasurprisngly strong fit given only five years of data were used and differences such as
ar temperature and weether patterns were present, but not included in the models.

DISCUSSION

Our sampling regime was primarily designed and implemented to monitor the annua recruitment
of age-0 Colorado pikeminnow in relation to flow patternsin the San Juan River. However, too few
wild young-of-year Colorado pikeminnow were collected during this study to make any evauation
possible. Therefore we concentrated on the relationship of flow patterns to the five most common fish
gpecies: three native species and two non-native.

The relative proportion of native to non-native species suggests a positive response of nativesto
higher flows. However, high flows aso gppear to result in smdler fish in the fdl, which could lead to
lower overwinter surviva and recruitment. Many studies of age-0 temperate zone fish species have
indicated that overwinter survivd is directly related to size (Oliver 1977, Toneys and Coble 1979,
Canjuak 1988, Henderson et a. 1988).

The relationships between flow and year class strength of individual species were weskened
because the relationships between CPUE and year class strength are confounded by severd variables.
Differences in spawning times and duration, variable mortdity rates, Sze related habitat shifts, and
capture efficiency could drasticdly affect our year class Strength estimates of age-0 fishes.

Sampling occurred too late to accurately predict timing of spawn for ether native catostomid.
However, it appears that in some years spawning occurred over an extended period because the < 20
mm size class was represented in varying proportions. In years where flows declined quickly,
temperatures warmed earlier and alarger proportion of the individuas collected were in the > 30 mm
sgzeclasses. Muth et d. (1998), in an analysis of razorback sucker spawning periods, documented
gpawning from mid-April to late June and typicaly spanned 4-6 weeks. They dso found that spawning
occurred over awide range of discharge (78-
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623 mP/sec) and water temperatures (8-19.5 C). They concluded that native razorback suckers are
adapted to the variable and fluctuating environment (Muth et d. 1998).

If there are Sgnificant differences in spawning times, the andysis presented above likely
underestimates year class strength during years when spawning occurred earlier. Estimates are further
confounded by variable mortdity rates. The use of the data from August sampling (10-15 weeks post
spawn) for year class estimates of catostomids is unadvisable, while September estimates were worse.
The dengties of non-native predators (primarily red shiner) in backwaters, and intra- and interspecific
competition may be further disguising the relationship between the spring hydrograph and spawning
success of catostomids. The best solution for more accurate year class strength estimates, is earlier, and
likely repeated, sampling, shortly after swim up, before large biases are incurred. Muth et a. (1998)
reported that razorback sucker larvae were collected 20-30 days after first estimated spawning and
were typically most abundant before mid-June.

The data dso indicate that Size at sampling time influences CPUE of both catostomid species.
These differences are due to ether capture efficiency, or more likely, changes in habitat utilization
related to Sze. It appears that many age-0 catostomids vacate backwater habitats in mid summer.
This has been documented by other Upper Basin researchers on both the Green and Colorado rivers
(Tramme| and Chart 1999). Because of the timing and abruptness of this decling, it is unlikdly that all
of the declinein CPUE is due grictly to mortdity. This can further bias estimates of year class strength
by under estimating the abundance of cohorts that are larger and utilizing habitats other than
backwaters.

Hows designed to ensure the continued propagation of wild native fishes must consider
recruitment to age-0+ age classes very strongly. Growth and surviva of age-0 fish are highly varigble
and dynamic processes. Blaxter (1988) suggested that the larva period is critical to many fish species.
It isimportant for larvd fish to grow quickly both to lessen predation (Nielsen 1980, Post and Evans
1989) and acquire sufficient fat reserves to survive through winter (Henderson et d. 1988).

Water temperature can have a strong influence on the early life stages of many fish species. It
influences the egg incubation period (Koenst & Smith 1976), growth of
age-0 fish (Forney 1966, Craig 1982) and may ultimately influence recruitment (Busch et d. 1975).

With the congtruction of main stem dams on both the upper Green and San Juan rivers,
hypolimnetic releases have lowered temperatures downstream for an undetermined distance. Asa
result, spawning may be occurring later in the season, resulting in lesstime for growth before the onset
of winter (Kaeding and Osmundson 1988). Muth et d. (1998) concluded that small differencesin
growth rates of razorback suckers can be biologicaly sgnificant if sze dependent processes are
important determinants of larva surviva.

Fish are dependent on stored lipid reserves during winter periods to meet their basal metabolic
requirements (Henderson et d. 1988, Post and Evans 1989). Studies of age 0 fish support these ideas
(Shdton et d. 1979, Post and Evans 1989, Tyus and Haines 1991) with the documentation of the
elimination of the smdler mode of abimoda length digtribution during winter. Oliver (1977) concluded
that a critical amount of energy reserves (lipids) was required to survive the winter period and that
larger fish survived sgnificantly better in his sudy of smalmouth bass. Thompson (1989) dso found
that larger age 0 Colorado pikeminnow entered the winter with higher lipid reserves and survived
sgnificantly better.
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Size of age 0 catostomids (particularly flannemouth suckers) was highly correlated to degree
day accumulation. The strongest correlaions in size were with degree day accumulation in June and
total degree days (June-duly). Degree day accumulation istightly correlated with the hydrograph. In
years where flows declined dowly, water temperature remained cooler and both native suckers species
were smaler. Smilar results were seen in the Green and Colorado rivers for Colorado pikeminnow
(Trammell and Chart 1999; Trammell et d. 1999). They found that high spring peaks and extended
high flows resulted in later spawning, smdler fish in the fal, and lower overwinter surviva of age O
Colorado pikeminnow..

During this study, flows were implemented to more closdy mimic the naturd variaionsin
magnitude and duration of the spring hydrograph, with higher spring pesks and lower summer and
winter base flows than had occurred since the closure of Navgo Dam. Hydrographs with a high peak
followed by along descending limb, such as the one observed in 1995 and to alesser degree in 1997,
resulted in lowered degree day accumulation, and shorter growing season for age O fish.

Bestgen et d. (1997) modeled surviva of Colorado pikeminnow under “cool” and “warm”
conditions and found that surviva was one third lower with a cool thermd regime. He attributed the
difference to increased vulnerability to predation because of dower growth, concluding that
management actions to increase growth rates may enhance recruitment of Colorado pikeminnow. While
this modd was designed for Colorado pikeminnow that spawn much later than catostomids, the
implications are the same, if smdler individuds are vulnerable to predation for alonger period.

A pattern of decline in adult and juvenile flanndmouth sucker CPUE has been well
documented in standardized e ectro-fishing data (Ryden 2000). Since 1991, flannelmouth sucker catch
declined by more than 50% during the river-wide fal monitoring trips. While the causative agent of the
flannemouth sucker decline isunclear & thistime, it is interesting to note that the condition factor for
flannelmouth sucker has increased since 1991 (Buntjer 1998), potentialy due to less intraspecific
competition, while spawning success and recruitment has generdly declined. Numbers of adult and
juvenile bluehead sucker have aso showed signs of decline river-wide since the advent of research
flowsin 1991.

Thelow levd of flanndmouth and bluehead sucker recruitment in the San Juan River is
daming. The asodiation of this decline with the mimicry of amore natura hydrograph is dso darming,
and may raise questions about the paradigm of anatural hydrograph in an unnaturd system such asthe
San Juan River. The highest spring peak (1997) appeared to be detrimentd to the native catostomids.
In the Green and Colorado rivers, year class strength of Colorado pikeminnow was highest in years
with moderate spring pesks (Trammell and Chart 1999; Trammell et a. 1999). Because insufficient
numbers of age 0 Colorado pikeminnow have been captured in the San Juan River during the research
period to suggest flow recommendations, other native gpecies population dynamics must be considered
heavily. However, the continued existence of native species populations in dengties equivaent to that
at the start of the research period is dready in question.
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CONCLUSIONS

Objective 1. To empiricaly monitor the annud recruitment of age 0 Colorado pikeminnow in relaion to
flow patternsin the San Juan River.

Annua recruitment of age 0 Colorado pikeminnow in the San Juan river was extremely low.
Only 21 were collected during the seven-year research period.

Insufficient numbers of age 0 Colorado pikeminnow were captured to evauate the relationship
to flow patternsin the San Juan River.

High peak flows result in proportionately more natives and stronger year classes of native
fishes, but dso result in poor growth, thereby possbly reducing overwinter surviva.

Objective 4: To characterize the early-life stage icthyofauna community in low-veocity (nursery)
habitats in relation to flow patternsin the San Juan River.

The proportion of native to non-native speciesis variable in Augugt, but the proportion of non-
natives was aways higher than natives in September.

The proportion of native pecies was pogitively corrated with high, late peaks of long
duration.

Y ear class estimates of native catostomids were generaly positively associated with high pesk

flows, except for the highest flow year (1997).

Y ear class edimates of native catostomids were underestimated by seine sampling in thefall.
szerelated mortality and habitat shiftsresult in low CPUE.
year class strength of native catostomids can best be evaluated by repeated seine sampling
in July and August in order to collect fish soon after spawning.

The average totd length of native catostomids in August was positively corrdated with high

degree day accumulation from June-July.

Degree day accumulation was negatively correlaed with the average discharge for June-July.

2-15



CPUE / 100M"2 CPUE / 100M"2

CPUE / 100M"2

300

250 A

200 A

150 -

100 A

50 1

300

1991

(15) (25) (33) (43)

l __

6/19 7/ 09 8/02 9/17

250 A

200 A

150 -

100 -

50 A

300

1992

(22)

(39)

7/15 7/ 29 8/12 9/16

250 f

200 -~

150 A

100 H

50 1

1993

(23) (29) (41)

- - e B

7120 8/04 9/15

DATE

Fig. 2-1. Catch rates (number/100 n7) by sampling date for

Hannemouth sucker from 1991-1993. Average TL are
presented in parentheses.
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Fig. 2-4. Length frequency and average size (in parentheses) for bluehead suckers during
August 1991-1997.
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Total Degree Day accumulation (C) (Montezuma Creek gage) during June and July.
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INTRODUCTION

Backwater habitats have been recognized as important nursery habitats for young-of-year
Colorado pikeminnow (Tyus and Haines 1991), and are considered to be important to successful
recruitment (Tyus and Karp 1991). Backwaters are areas of no-or low-veocity flow, usualy formed
by irregularities in sediment features within the river channel such as sand bars and sde channds. These
habitats are formed by the cycle of sediment deposition during peak flows and subsequent scouring
processes during and after pesk flows. Inastudy of backwater availability and flow regulation, in the
Green River, Pucherdli and Clark (1989) found that backwater availability increased through the
summer as flows decreased. A gradually decreasing hydrograph was required to maximize availability,
but they speculated that high spring flows may be necessary to establish the proper sediment conditions.
Habitat availability at base flow is a product of channel morphology, hydrology, and antecedent
conditions. In the nursery habitat areas of the Green and Colorado rivers, geomorphology studies found
that backwater habitat availability was quite varigble, but in generd increased as flow declined within
years, and was gregter in years with low or moderate peak flows (Trammell et d 1999, Trammell and
Chart 1999). Within-channel morphology in a dynamic system such as the San Juan River may vary
greatly from year to year. Thus, annud variability in habitat avallability is expected.

The congruction of upstream damsin the San Juan River have dtered the flow regime of the
river, likely influencing nursery habitat formation and availability. The downstream impoundment of
Lake Powell has permanently inundated potentialy important nursery habitat areas of the lower 60
miles of the San Juan River. The purpose of this portion of the study wasto identify nursery habitat in
the remaining portion of the San Juan River under research flows, and addresses Objective two: to
characterize nursery habitat availability in relation to flow patterns in the San Juan River, and Objective
three: to determine habitat availability and use for age 0 and juvenile Colorado pikeminnow.

METHODS

Study area

The more intensively sampled nursery habitat sections, referred to in Chapter 1, were used for
this portion of the study. Beginning with the most upstream section, and progressing downstream, they
were designated as Section 4 (RM 131.0-126.0), Section 3 (RM 89.0-84.0), Section 2 (RM 25.2-
20.2) and Section 1 (RM 13.0-8.0). Each nursery habitat section is contained within alarger
Geomorphic Reach, as defined earlier in Chapter 1. Nursery Habitat Sections 1-3 are contained within
Geomorphic Reaches 1-3, respectively, while Nursery Habitat Section 4 straddles the border of
Geomorphic Reaches 4 and 5. Each section differsin basic geomorphology which affects habitat
formation and availability, as described in Chapter 1.

Nursery habitats were sampled according to the methods described in the Sampling

Protocols section. The nursery habitats sampled in this study were al backwaters with no or very little
flow. The backwaters were formed by avariety of processes, listed in Table 1-1: such as abandoned
secondary channels, scour channels behind large sandbars, eddies below channd condrictions, or
flooded tributary mouths. They are the same habitats as those used for andyses in Chapter 4.
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Statistical analysis

Nursery habitat / discharge relationship

Regression andyses were performed using data collected from 1994-1997 during UDWR
Nursery habitat studies. Thisanayss was used to find associations between discharge at the time of
sampling and number and area of available nursery habitats in the four nursery habitat study sections of
the San Juan River. Thefirgt andyss combined data collected during April, August and September
among sections and years. Because of differences among the four sections, data from each section was
andyzed separatdy; first, by combining data collected during August and September for each section
and then by month in which sampling occurred (August or September). In dl three andyses, the
dependent variableswere: 1) Total number of nursery habitats, 2) Tota number of deep nursery
habitats (> 0.5 m); 3) Tota areaof nursery habitat; and, 4) Tota area of deep nursery habitats (> 0.5
m).

Hydrologic parameters and habitat availability

To examine the influence of the spring hydrograph on nursery habitat availability, we performed
a regresson andysis usng the following three independent variables 1) Peak discharge; 2) Number of
days flows exceeded 5000 cfs; and, 3) Number of days flows exceeded 8000 cfs (Chapter 2; Table 2-
2). The dependent or response variablesin these models were: 1) Total number of backwater type
habitats, 2) Tota number of deep habitats (> 0.5 m); 3) Totd habitat area; and, 4) Totd area of deep
habitats (> 0.5 m). For dl satistical tests of sgnificance, an dphaleve of 0.10 was used due to low
sample sizes and power, except when otherwise noted as P<0.05.

Comparisons among sections

The amount of low-velocity nursery habitat throughout the San Juan River is varigble by month
and year. To examine differences among the nursery habitat sections of the San Juan River, tota
number of backwater habitats, total number of deep habitats and total area (n?) of nursery habitats
were compared for the 1994-1997 period. In addition to comparisons among the four San Juan River
sections, the standard ten-mile long nursery habitat sections of the lower Green and lower Colorado
rivers were compared to the San Juan River for total number and total area of nursery habitat available
per mile. Thefirst analyss pooled August and September data. The second andlys's examined
difference by month (August and September) and section. Comparisons were made by computing the
number and area of backwater habitats per mile and then using atwo-way ANOVA (SAS).

RESULTS
Nursery Habitat / Discharge Relationship
The values for the total number of backwater habitats, total number of degp habitats and total
area (") of all, and of deep nursery habitats, by year, month and section are given in Tables 3-2

through 3-11. All results of the severd linear regression analyses are shown in the appendices (a-d),
while the significant results are presented individualy, in Tables 3-1, 3-5, 3-9 and 3-13. When data
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were combined among years and sections and the relationship between discharge at the time of
sampling and habitat availability was examined, no sgnificant relationships were found (appendices a
d). However, there was atrend towards increasesin total nursery habitat numbers, and number of
habitats with maximum depth greeter than 0.50 m, at lower flows. To further explore the relaionships
among years, each section was examined separatdly, first by combining al trips within each year and
then by each month separately in which sampling occurred (April, August and September).

In Section 4, there were no sgnificant relationships between discharge and any of the four
independent variables tested when April, August and September data were combined. In Section 3,
there was a Sgnificant pogitive relationship between flows and totd area of nursery habitats and tota
area of habitats greater than 0.5 m in depth (Table 3-1). In Section 2, no significant relationships
existed between discharge at the time of sampling and the four habitat availability variablestested. In
Section 1, when al trips were combined for dl years, there was a Significant negetive correlation
between increased discharge and totad number of nursery habitats and total number of nursery habitats
greater than 0.5 m in depth.

Table3-1. Resultsof regresson andyss showing variables that were significantly (p<=0.10)
associated with discharge at the time of sampling by section, with al trips combined 1994-

1997.
"SECTION TRIP DEPENDENTVAR.  SLOPE P 1
3 123 Totd habitat aea 1148 0007 054
3 123 Totd areadeep habitat 0532 0050 033
1 123 Numberhabita 0001 0102 024
1 1,23 Number deep habitat 0002 0073 029

Each section was aso examined separately for each month (April, August and September) for
rel ationships between discharge at the time of sampling and available habitat. The results are presented
by month and section below.

April Samples

Datawere available for Sections 1-3 for the period of 1994-1997. Section 4 was added in
August of 1995, so data are only available for 1996 and 1997 for the spring sample period. Flows
were highly variable during the spring sampling period in 1994 and 1996 with sampling only occurring
during flows less than 1000 cfs. During 1995 and 1997, sampling occurred at discharges greater than
2500 cfs. There were no significant relationships in any of the sections between discharge at the time of
sampling and any of the habitat variables tested during the April sampling period (Tables 3-2 - 3-4).

Section 4. Flows were five times higher during 1997 than during 1996 sampling (Fig. 3-1).
The low number of years of data available in Section 4 during spring limits datistica anayses of these
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data. 1n 1996, 19 nursery habitats were available in Section 4 compared to only 10 during the 1997
sampling. Because of the higher discharge during 1997 sampling, many of the nursery habitats formed
by main-channel features were unavailable. Many of the larger habitats formed by secondary channels,
however, wereretained. Tota backwater areawas smilar between years (Fig. 3-2). Because of the
relationship between backwater depth and river stage, many of the nursery habitats sampled in 1997
were degper than during 1996.

Section 3. No sgnificant relationships existed between discharges at the time of sampling and
the number or area of nursery habitats available in Section 3. The number of nursery habitats available
in each depth class varied by year. The largest number of nursery habitats were observed in the lowest
flow year (1994; Fig. 3-3). However the second lowest flow year (1996) had the lowest number of
backwaters. Very few habitats > 0.5 m in depth were available in Section 3 during April sampling in
any year. Tota area of available nursery habitat was grestest a the highest discharges at which
sampling occurred, and lowest during 1994, the year with the grestest number of nursery habitats (Fig.
3-4).

Section 2. No sgnificant relationships existed between discharge at the time of sampling and
the nursery habitat variables tested during spring. However, total nursery habitat numbers were
different anong years. During 1994 (low discharge), only sSix nursery habitats were available as
compared to 29 during 1996, which was another low discharge year. During 1996, the total number of
nursery habitats was the highest and the total number of habitats in the two deepest depth classes was
also the greatest (Fig. 3-5).

There were no significant relationships between discharge during the sample period and tota
number of nursery habitat or total area of nursery habitat greater than 0.5 min depth. Totd area of
available nursery habitat was grestest in 1997 (the highest discharge) followed by 1996 (which was the
lowest discharge year). Areaof deep (> 0.5 m) nursery habitat was maximized at the highest
discharges at which sampling occurred during spring sampling in Section 2 (Fig. 3-6).

Section 1. There were no significant relationships between discharge and total number or
number of deep nursery habitats during April sampling in Section 1. In Section 1, the total number of
nursery habitats available consstently declined between 1994 and 1997. In 1994 and 1996, sampling
occurred a Smilar discharges, however, the number of nursery habitats was very different (Fig. 3-7).
In 1994, there were 56 backwater habitats available compared to 33 during April of 1996, which was
preceded by the high water year in 1995. The lowest number of available nursery habitats occurred in
1997 (the year in which flows were highest), when only 19 nursery habitats were available throughout
the five mile section.

The number of deep (> 0.5 m) nursery habitats was smilar between years, with the exception
of 1997, when only one nursery habitat had a maximum depth grester than 0.5 m. The primary reason
for the smilarities among years was that most of the deeper nursery habitats available were tributary
mouth backwaters that are formed by large canyons such as Ojeto Wash and Steer Gulch during the
spring. During every year except 1997, the sediment plugs which can isolate these nursery habitats
following high flows had been blown out by flash floods during the monsoond rains.

Discharge at the time of sampling was not significantly correlated to totd area of nursery
habitats or totd area of deep nursery habitats. The greatest area of nursery habitat wasin 1994 (low
flow) when 7418 n? of nursery habitat was available followed by 1997 with 6263 n?. The lowest total
area of nursery habitat was observed in the spring of 1996 (another low flow period) when 4878 n? of
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nursery habitat was available. Areaof deep (> 0.5 m) nursery habitats followed a smilar pattern to
tota number of habitats with the greatest amount of deep nursery observed in the high discharge years
of 1994 and 1995 (Fig. 3-8).

Table 3-2. Totd number of low-velocity habitats and discharge (Q in cfs) a the time of samplingin
the Nursery Habitat study sections, San Juan River, April 1994-1997.

YEAR | SECTION | SECTION 3 | SECTION 2 | SECTION 1
4
1994 NA
Q 577 577 585
number 21 6 56
1995 NA
Q 2,750 2,750 2,670
number 20 11 43
1996
Q 628 656 573 517
number 19 15 29 33
1997
Q 3,450 3,450 3,450 3,370
number 9 16 20 19

Table3-3. Totd area (") of low-velocity habitats in Nursery Habitat study sectionsin the San Juan
River, April 1994-1997.

YEAR | SECTION 4 | SECTION 3 | SECTION 2 | SECTION 1

3-7

1994 NA 1,350 2,794 7,418
1995 NA 3,917 911 5,629
1996 3,800 4,580 2,675 4,878
1997 16,170 6,198 5,227 6,263




Table 3-4.

Tota number and area (n?) of deep (> 0.5 m) low-velocity habitats in Nursery Habitat
study sections San Juan River, April 1994-1997.

YEAR | SECTION 4 | SECTION 3 | SECTION 2 | SECTION 1
1994 NA

number 2 2 8
area 87 1,726 1,688
1995 NA

number 0 3 10
area 0 273 3,498
1996

number 1 2 8 7
area 138 1,699 964 900
1997

number 1 2 5 1
area 1,166 2,399 3,936 9

August Sampling

Flows were variable during the August sampling period. During 1994 and 1996, sampling
occurred during low discharge. In 1995, sampling occ